Objectives: To determine whether cognitive impairment in SIVD 1) correlates with measures of ischemic brain injury or brain atrophy, and/or 2) is due to concomitant AD. Methods: Volumetric MRI of the brain was performed in 1) elderly subjects with lacunes (L) and a spectrum of cognitive impairment-normal cognition (NC+L, n = 321, mild cognitive impairment (CI+L, n = 261, and dementia (D+L, n = 29); 2) a comparison group with probable AD (n = 28); and 3) a control group with normal cognition and no lacunes (NO. The authors examined the relationship between the severity of cognitive impairment and 1) volume, number, and location of lacunes; 2) volume of white matter signal hyperintensities (WMSH); and 3) measures of brain atrophy (i.e., hippocampal, cortical gray matter, and CSF volumes). Results: Among the three lacune groups, severity of cognitive impairment correlated with atrophy of the hippocampus and cortical gray matter, but not with any lacune measure. Although hippocampal atrophy was the best predictor of severity of cognitive impairment, there was evidence for a second, partially independent, atrophic process associated with ventricular dilation, cortical gray matter atrophy, and increase in WMSH. Eight autopsied SIVD cases showed variable severity of ischemic and neurofibrillary degeneration in the hippocampus, but no significant AD pathology in neocortex. The probable AD group gave evidence of only one atrophic process, reflected in the severity of hippocampal atrophy. Comparison of regional neocortical gray matter volumes showed sparing of the primary motor and visual cortices in the probable AD group, but relatively uniform atrophy in the D+L group. Conclusions: Dementia in SIVD, as in AD, correlates best with hippocampal and cortical atrophy, rather than any measure of lacunes. In SIVD, unlike AD, there is evidence for partial independence between these two atrophic processes. Hippocampal atrophy may result from a mixture of ischemic and degenerative pathologies. The cause of diffuse cortical atrophy is not known, but may be partially indexed by the severity of WMSH.
dence of alcohol or substance abuse, head trauma with loss of consciousness lasting longer than 15 minutes, severe medical illness, neurologic or psychiatric disorders, or currently taking medications likely to affect cognitive function. In addition, subjects were excluded if the MRI showed evidence of cortical infarction, hemorrhage, or structural brain disease other than atrophy, lacunes, or white matter signal hyperintensities (WMSH).
Subjects with lacunes had at least one lacune identified on MRI by a neuroradiologist (D.N.) in the subcortical gray or white matter. Subjects with probable AD (prAD) did not have any lacunes and met National Institute of Neurological and Communicative Disorders and Stroke-AD and Related Disorders Association criteria for P~A D .~~ None of the healthy controls had lacunes. Subjects with lacunes (L) were divided into three groups based on the CDR: 1) cognitively normal (CN+L, CDR = 0, n = 32), 2) cognitively impaired (CI+L, CDR = 0.5, n = 261, or demented (D+L, CDR = 1 or 2, n = 29).
The D+L group was compared to a group of subjects with prAD (n = 281, with comparable distributions of age, gender, and MMSE scores. The CN+L, CI+L, and D+L were each compared to a subset of cognitively normal controls (NC), chosen to have a comparable age and gender distribution. Some subjects served as normal controls for more than one lacune group (6 controls were used in two comparisons, 11 were used in three comparisons, and 10 were used in four comparisons),
The entire brain was imaged with a 1.5 Tesla MR system (Siemens Vision, Erlangen, Germany) using a head coil with quadrature detection. The brain imaging protocol involved 1) a sequence yielding proton density (PD) and T2-weighted spin-echo axial images (repetition time [TR]/echo time [TE] UTE2 2500/20/80 msec; 1 number of excitations WEXI), 3 mm slice thickness with no slice gap, in-plane resolution 0.94 X 0.94 mm2, and 2) a sequence yielding T1-weighted coronal images (TRPTE 1014 msec; 1 NEX), 1 X 1 mm2 in-plane resolution, with contiguous 1.4 mm thick slices.
Image analysis. Tissue volumes were determined by a technician using computer-assisted methods, but blind to clinical information, including diagnosis. The T1, PD, and T2-weighted spin-echo images were used for segmentation into tissue categories. The segmentation process consisted of stripping the skull from the images, coregistering the T1-weighted images to the spin-echo data set,= and inhomogeneity filtering of the spin-echo images. Very conservative samples of CSF, white matter, and gray matter were chosen as seeds for a K-Means cluster analysisz5 in order to segment the entire brain into these tissue compartments. This initial automated process was followed by manual editing of the axial segmented images on a slice by slice basis. A trained technician separated cortical from subcortical gray matter, and ventricular from sulcal CSF. The technician also reclassified pixels as WMSH that had been classified by the K-means procedure as either gray matter or CSF due to their relative hyperintensity, but were clearly white matter by anatomic location.
Lesions on MRI were classified as lacunes based on signal characteristics, location, and size, using a definition similar to the Cardiovascular Health Study. 26 The operator viewed the coregistered PD, T2, and T1-weighted 3 mm thick axial gray scale images from the most inferior slice Despite its prevalence, the pathways leading to dementia in SIVD remain controversial. Several mechanisms have been proposed. According t o the lacunar hypothesis, cognitive impairment results from increasing number and volume of lacunes, especially when located strategically within frontal subcortical l o~p s .~,~ In Binswanger syndrome, a subtype of SIVD, widespread stenosis of small arteries is postulated to result in chronic ischemia of the periventricular and deep white matter! Some investigators suggest that dementia in SIVD is due to coexisting AD.9
Attempts have been made to correlate quantitative measures of ischemic lesions and brain atrophy with dementia. Atrophy of the hippocampus and medial temporal lobe, anatomic regions highly susceptible to neurofibrillary degeneration, are characteristically observed in AD.l0-l2 Previous investigators have correlated dementia in SIVD with the severity of ventricular enlargement,3.1s15 white matter l e s i~n s , '~J~'~ cerebral hypoperfi~sion,'~J~J~ and number, but not necessarily volume, of l a c u n e~.~J~J~ One group has noted the presence of hippocampal atrophy in VaD, as well as AD."
With the exception of the studies of hippocampal atrophy, severity of ischemic lesions and brain atrophy were assessed using semiquantitative measures. Atrophy specifically affecting neocortical gray matter has not been previously examined.
In the current study, we examined the relation between cognitive impairment and volumetric measures of brain tissue compartments, including lacunes. Two major questions were examined. First, among individuals with lacunes, what neuroimaging measures differentiate individuals who are cognitively normal from those who are mildly impaired and from those who are demented? Second, is dementia among patients with lacunes simply due to concomitant AD?
Methods. Subjects. Subjects comprise a convenience sample recruited from a university dementia clinic and a Department of Veterans Af€airs system of hospital and clinics. Normal controls were recruited from the community. Individuals with 1) a history of small stroke, 2) a radiologic report of a small infarct, 3) a diagnosis of probable AD, or 4) no history of significant cognitive impairment were invited to participate in the study. The research protocol was approved by the Institutional Review Boards at UC San Francisco and UC Davis. All subjects or their legal guardians gave written informed consent before participating in the study.
Evaluation of all subjects included complete medical history, activities of daily living, physical examination, neurologic examination, serum chemistry, blood count, vitamin B,,, syphilis serology, and thyroid function tests. Level of cognitive function was assessed using the Folstein Mini-Mental State Examination (MMSEP and the Clinical Dementia Rating scale (CDR).zz A head MRI was obtained using a standardized protocol at a single centralized site (Magnetic Resonance Unit, Department of Veterans Affairs medical Center, UCSF).
Exclusion criteria included age younger than 55 years, non-English speaking, severe dementia (CDR > 21, evi- With the few exceptions noted below, lacunes were defined as lesions 3 to 15 mm in length, hyperintense rela- tive to CSF on the PD image, and located in the subcortical gray and white matter. There were two exceptions. Large cystic lesions (bright on T2-weighted, but isointense relative to CSF on PD images) were classified as cystic lacunes unless they were located near the anterior commissure or below the putamen, in which case they were classified as perivascular spaces.27 Within the white matter, only cystic lacunes were volumed. Noncystic lacunes in white matter were included as WMSH. Figure 1 presents the MR and segmented images of an 86-year-old male D+L subject, illustrating the delineation of lacunes and WMSH, as well as cortical gray matter, white matter, and sulcal and ventricular CSF. The number of pixels in each tissue category was converted to a percentage of the intracranial vault (ICV = the total of all tissue categories). All statistical analyses were performed on data expressed as percent ICV data (i.e., controlling for subject differences in ICV). The hippocampal data and lacune volume data, however, are presented as volumes in mm3 in tables 1 and 2 and figure 4, to facilitate comparison with other studies.
Hippocampal voluming. Hippocampal voluming was originally planned as a substudy, separate from analysis of the segmented images. Hippocampal voluming was performed on 65 subjects with lacunes (24 CN+L, 18 CI+L, 23 D+L), on control samples with comparable age and gender distributions as each lacune group, and on 18 prAD subjects with comparable age, gender, and MMSE distributions as the D+L group (see table 1). Hippocampal volumes were measured on T1-weighted images, reformatted to be perpendicular to the long axis of each subject's hippocampus (left and right reformatted separately). The hippocampal areas on each reformatted MRI slice were then drawn using the methods and anatomic boundaries described by Watson et a1.,28 as in our previous publication. 29 The hippocampal voluming was performed on 1.4 mm slices from the first visible anterior portion of the hippocampal head (the pes hippocampus) through the most posterior aspect of the hippocampus (the hippocampal tail) at the point of the separation of the crus of the fornix from the fimbria of the hippocampus (excluded at this level are the crus of the fornix, the isthmus of the cingulate gyrus, and the parahippocampal gyrus). We have previously established an interoperator reliability of 0.81 for this hippocampal voluming method. 29 Regional analysis using the Talairach coordinate system. In the Talairach coordinate system, the brain is subdivided into 864 compartments: 12 in the superior-inferior plane (8 superior to the anterior-posterior commissure [AC-PC] line, and 4 inferior to the AC-PC line), 9 in the anterior-posterior direction (4 anterior to the AC point, 4 posterior to the PC point, and 1 between the AC and the PC), and 4 compartments in each direction lateral to the interhemispheric fissure (8 compartments total). The Brodmann areas encompassed by each of these 864 voxels are identified in the 1988 Talairach atlas.so From within the frontal, parietal, occipital, temporal, and limbic areas of the brain, we defined 16 cortical regions of interest (ROI) by their corresponding Brodmann areas. These regions (and the Brodmann areas they encompass) were the orbital frontal and frontal pole (10, 111, lateral frontal (45, 46, 471, posterior frontal (6, 8, 441, superior frontal (8,9) , primary motor (41, primary sensory (1, 2, 31, lateral parietal (39, 401, mesial parietal (5, 7, 23, 311, anterior occipital (37), visual association (17, 18, 19) , anterior temporal (21, 381, superior temporal (34, 41, 42) , inferior temporal (201, and the limbic lobe (24, 29) . The method of transformation of each subject's T1-weighted image to the Talairach coordinate system involved several steps. First, the skull and meninges were removed, and the midpoints of the AC and the PC and the pontomedullary sulcus were marked. The brain was then rotated (using a modification of Bedell's method)31 to an orientation where the AC and PC points lie on the same axial plane, and the interhemispheric fissure (IF) lies on a single sagittal plane.
The transformation to the Talairach coordinate system involved piecewise linear transformations of 12 compartments for each subject's brain. The 12 compartments were bounded by the IF, the plane perpendicular to the IF (yet containing the AC and PC points), the plane through the AC point perpendicular to the AC-PC plane and the IF, the plane through the PC point perpendicular to the AC-PC plane and the IF, the plane through the PS parallel to the AC-PC plane, the plane through the most superior point of the brain parallel to the AC-PC plane, the two planes through the most lateral points of the brain parallel to the IF, and the two planes through the most anterior and posterior points of the brain perpendicular to the AC-PC plane and the IF.
Given the transformation, Ai, of the ith subject's brain to the Talairach coordinate system, we then applied A;* to each ROI defined in the Talairach proportional grid system. The resulting transformed ROI were specific to each subject i, but reflect a common Talairach definition. Each subject's tissue contribution to the commonly defined ROI was then computed by superimposing the subject-specific ROI on the subject's segmented image, and counting the (segmented) pixels contained in the ROI.
The seven primary imaging variables were first compared across the five groups (the entire NC sample, CN+L, CI+L, D+L, and prAD). If this overall test was significant, each lacune group and the prAD group was compared to its control group, and the lacune groups were compared to each other. The association of imaging variables with each other, and with MMSE scores, was assessed using Spearman correlations (less affected by Statistical analysis. a small number of cases than Pearson correlations). The degree to which imaging variables explained the same versus independent aspects of the differences between groups was examined using partial correlation and step-wise multiple logistic regression analyses.
An analysis of regional gray matter atrophy in the D+L and prAD groups was performed. First, the mean and SD of percent cortical gray matter in each region was computed for the single control sample that was used for both D+L and prAD groups. Each D+L and prAD subject's percent cortical gray matter in each region was converted to a Z-score, using the control sample's mean and SD for that variable. The mean 2-score for each variable for the D+L and prAD groups was then tested for difference from zero. The D+L and prAD group Z-scores for each variable were also compared by t-test.
Results. Demographics of predictor variables). The combination of hippocampal volume with either WMSH percent or ventricular CSF percent was not significantly different from hippocampal volume and cortical gray matter percent in distinguishing D+L from NC subjects. This suggests that there was an atrophic process in the D+L group that is a t least partially independent from the process leading to hippocampal atrophy, and that this process was reflected comparably in the cortical gray matter, WMSH, and ventricular CSF measures.
The however, the proportion of variance explained by these predictor variables did not increase further when all three variables were used together. This suggests that within the lacune groups, the severity of cognitive impairment is most strongly associated with hippocampal volume reductions, but is also associated with ventricular dilation, and an increase in WMSH. Similar to the comparison between the D+L and NC groups, this suggests that there are two partially independent processes associated with the presence of cognitive impairment and dementia in subjects with lacunes. The primary process is reflected in hippocampal atrophy, and a secondary process is reflected in ventricular dilation, and to a lesser extent, in WMSH. Table 2 shows that the number or volume of lacunes (either as a volume or as a percent of ICV) did not differentiate the CN+L, CI+L, and D+L groups (ps > 0.40).
Similarly, none of the location-specific lacune volume measures differentiated among the lacune groups (all ps > 0.28). Neither the number or volume of lacunes was associated with percent cortical gray matter (rs < 0.20, ps > 0.101, percent hippocampal volume (rs < 0.13, all ps > 0.301, or with MMSE scores (rs < 0.05, ps > 0.80). The primary structural imaging factors distinguishing the CN+L, CI+L, and D+L groups from each other were hippocampal atrophy, ventricular dilation, and an increase in WMSH (not lacune number, volume, or anatomic distribution).
An exploratory analysis was conducted to determine whether lacunes in specific locations (e.g., thalamus) were correlated with Talairach-defined regional cortical gray matter volumes (e.g., frontal lobe). The volume of lacunes in the putamen was associated with reduced cortical gray -0.23, p < 0.05), and the volume of lacunes in the globus pallidus was associated with reduced cortical gray matter in the motor cortex ( r = -0.22, p < 0.05). Given the large number of correlations computed, and the lack of control for multiple comparisons in the computation of significance levels, these correlations must be interpreted with caution. The prAD subjects compared to their controls showed dramatic hippocampal and cortical gray matter atrophy (-34.5%, p < 0.0001; and -7.9%, p < O.OOOl), and sulcal and ventricular dilation (+ 16.6.0%, p < 0.005; and + 31.7%, p < 0.01). The prAD subjects did not differ from their controls on extent of WMSH ( p > 0.80). The effect sizes as a proportion of variance explained were 62.3%, 24.0%, 13.0%, and 8.0% of the variance for hippocampal, cortical gray matter, ventricular CSF, and sulcal CSF volumes. In multiple regression analyses, no variable added to the ability of hippocampal volume to distinguish prAD from controls, suggesting one atrophic process in AD.
The prAD group compared to the D+L group tended Within the combined lacune groups, hippocampal and cortical gray matter percent were positively correlated with integrity of cognitive function as indexed by MMSE scores (r = 0.49, p < 0.0001, and r = 0.37, p = 0.001).
WMSH percent was negatively correlated with the maintenance of cognitive function in the combined lacune group (r = -0.27, p = 0.01). The CN+L group had half the extent of WMSH of the D+L group (t46,5 = 2 . 4 0 ,~ < 0.02).
Regional distribution of cortical gray matter atrophy. Table 3 displays the results of the analysis of regional gray matter atrophy. The D+L group had cortical gray matter atrophy compared to the control sample in all 16 regions examined. The prAD group showed atrophy compared to the control sample in all cortical gray matter regions except for the motor and visual cortices. Compared to the prAD group, the D+L group did not evidence sparing of motor and visual cortices, and showed greater atrophy in the lateral frontal and superior temporal regions.
Nine subjects have come to autopsy (table 4): eight with lacunes (four CN+L, one CI+L, three D+L) and one with prAD. The whole brain was removed at the time of death, fixed in 10% neutral buffered formalin,
Autopsy data. Values are % difference.
Significant at * p < 0.05, t p < 0.01, and $ p < 0.001. and sectioned coronally at 0.5 mm intervals. Tissue blocks were dissected according to CERAD,32 consensus criteria for dementia with Lewy bodies (DLB),33 and SIVD Program Project Protocols (unpublished). The tissue blocks were dehydrated, embedded in paraffin, sectioned, and stained with hematoxylin-eosin, cresyl-violet, Lux01 fast blue, congo red, and Bielschowsky silver. In addition, immunolabeling was performed using antibodies against tau, alpha-synuclein, or ubiquitin. Neuropathologic diagnoses were performed without knowledge of the clinical history or the MRI results. Braak and Braak stages" and CERAD criteria32 were used to assess Alzheimer-type pathology. Consensus criteria were used for the diagnosis of DLB.33 A new method was used to assess the severity and distribution of ischemic brain injury. This method provides an overall rating of the severity of cerebrovascular brain injury (CVD score) and a separate rating for the severity of ischemic brain injury that is likely, based on key location, to contribute to dementia (IVD score).= The type and seventy of atherosclerosis, arteriosclerosis, amyloid angiopathy, and other types of microvascular disease were evaluated and scored separately.
Pathologic evidence of ischemic parenchymal brain injury was found in all eight cases with lacunes (IVD scores ranged from 5 to 19; CVD scores from 5 to 24). Neurofibrillary tangles were found in the hippocampus in four of these cases (Braak and Braak stage34 I-IV). However, none of these cases had neurofibrillary tangles in the neocortex. Two cases showed moderate numbers of neuritic plaques; none had frequent plaques. Thus, none of the eight cases in the three lacune groups met NIA-Reagan Institute criteria supporting a high likelihood of AD. 36 The single autopsy case diagnosed clinically as prAD showed widespread Lewy bodies (LB scores 71, but had low likelihood that dementia was due to AD. Discussion. Among the three SIVD groups with lacunes, we found no association between the presence or severity of cognitive impairment and characteristics of radiologically defined lacunes. That is, similar numbers, volume, and anatomic location of lacunes were found in all three groups, irrespective of their cognitive status (CN+L, CI+L, or D+L) . In contrast, we observed strong associations between the severity of cognitive impairment and hippocampal atrophy, ventricular dilation, increasing WMSH, and cortical gray mater atrophy. Hippocampal atrophy has been reported consistently among patients with prAD,l0-l2 but does not appear to be specific. In one study, hippocampal atrophy was also observed among nine patients with VaD.20 The current study confirms the occurrence of hippocampal atrophy in a much larger sample of patients with D+L (three with autopsied confirmed SIVD) (see figure 4) . Our data also confirm the association between dementia and ventricular enlargement, noted by other investigators studying heterogeneous samples of large-and small-artery type VaD.3J4J5 MRI and computerized segmentation methods used in the current study enable demonstration of a stronger association between dementia in SIVD and specifically neocortical as well as hippocampal atrophy. According to the lacunar hypothesis, dementia is related to an increasing number and volume of lacunes, particularly when strategically located in networks subserving ~ognition.~J#~' Despite our failure to marshal support for any part of this hypothesis, several caveats should be kept in mind. First, lacunes were defined, in this study, by their morphologic appearance in MRI. Criteria were established to distinguish lacunes from perivascular spaces, and all lesions in white matter and subcortical gray matter meeting these criteria were counted and sized. However, no attempt was made to separate symptomatic from silent lacunes and only the subset of cystic lacunes was volumed in the white matter. In the absence of adequate radiologic-pathologic correlation, one should not presume that all lesions meeting radiologic criteria for lacunes are histologically comparable. A "lacune" may represent a complete infarct, incomplete infarct, area of focal gliosis, or perivascular space. Thus, the absence of correlations between cognitive impairment and numbers or volume of lacunes could be explained by the differential distribution of "false-positive lacunes" among the three lacunar groups. A preliminary review of the clinical data does not support this explanation. In our sample, 44% of our subjects with lacunes had no symptomatic history of stroke or TIA. The proportion of symptomatic versus silent lacunes, however, was evenly distributed across all three cognitive groups. Because only cystic lacunes were volumed in the white matter, our methods do not adequately address the possibility that cognitive impairment correlates with the number and volume of lacunes in the white matter.
Second, the method used in this study to localize lacunes was based upon gross anatomic boundaries, rather than functional divisions within frontal-subcortical For example, lacunes were localized to the thalamus, but not to specific nuclei such as the anterior and dorsomedial nuclei that project to the prefrontal lobe. Thus, our methods do not adequately test that component of the lacunar hypothesis related to the strategic importance of location.
Other investigators have questioned the validity of the lacunar hypothesis. No differences were found in the location or volume of lesions between demented and nondemented groups with l a c u n e~.~~~~ Other investigators reported an association between the number, but not the volume, of lacunes and cognitive function.17 These reports, taken together with our findings, suggest that radiologically defined lacunes, although an indicator of subcortical ischemic injury, may not be reliable markers for the overall severity of either ischemic brain injury or cognitive impairment.
The second question addressed in this study is whether dementia among patients with presumed SIVD simply indicates the presence of AD. Several pieces of evidence suggest not. The pattern of association between cognitive impairment and imaging variables differed in the lacune versus prAD groups. For the three groups with lacunes, cognitive impairment was associated with two partially independent atrophic processes. The primary process was reflected most strongly in hippocampal atrophy, whereas the secondary process was associated with greater volume of WMSH, increasing ventricular dilation, and cortical gray matter atrophy. For the prAD group, there was only evidence for one atrophic process, reflected most strongly in hippocampal atrophy. In this group, hippocampal and neocortical atrophy were strongly correlated with each other and did not contribute independently to cognitive impairment.
The regional pattern of neocortical gray matter atrophy also differed between the D+L and prAD groups. In the prAD group, primary motor and visual cortex were relatively spared. This finding is consistent with the lower densities of neurofibrillary tangles observed in these areas in histopathologically confirmed AD.39 By contrast, in the D+L group, all regions of neocortex evidenced comparable degrees of atrophy. Several factors may limit the accuracy of Talairach transformations for defining cortical regions of interest, including increasing distortion with increasing distance from the AC-PC line and diseasespecific variations in brain morphology. However, identical operations were applied to all individual brains in the study. Therefore, limitations of the method do not explain the systematic differences observed in the pattern of cortical gray matter atrophy between the D+L and prAD groups. Although some of our lacune group may yet prove to have AD (or other neuropathology) as a contributing cause of atrophy, autopsies in eight of our lacune cases confirm that hippocampal and neocortical atrophy can and do occur in cases of relatively pure SIVD. This suggests that although cortical gray matter atrophy occurs in both AD and SIVD, the underlying cause is likely to differ.
The etiology of hippocampal and neocortical atrophy in D+L cases remains unknown. Several nonmutually exclusive possibilities may be considered: 1) concomitant AD (addressed above), 2) secondary degeneration, or 3) subclinical ischemia. Note that neurofibrillary tangles were found in the hippocampus in all three autopsied cases of D+L . In one case, hippocampal sclerosis was found as well. Thus, the pathogenesis of hippocampal atrophy in SIVD is variable and may reflect a combination of degenerative and ischemic pathologies.
Cortical atrophy in SIVD might result from secondary axonal and trans-synaptic degeneration following primary subcortical injury. This would represent the structural corollary to the traditional notion that cortical hypoperfusion in SIVD results from functional deafferentation of cerebral cortex.4o Based on anatomic studies of frontal-subcortical circuits in nonhuman primatestl predominant atrophy of the prefrontal cortex might be expected. Regional analyses in our lacune groups did not reveal preferential atrophy of prefrontal cortex, as opposed to parietal, temporal, or occipital cortex (see table 3 ). However, despite this pattern of diffuse atrophy, secondary degeneration cannot be ruled out. Although prefrontal cortex is considered to be the primary area of connectivity, widespread areas of posterior multimodal association cortex and hippocampus are also interconnected within cortical-subcortical Finally, tissue loss in neocortex might result from primary (albeit subclinical) ischemia. Occlusions of microvessels or chronic hypoperfusion might produce incomplete infarction (e.g., selective neuronal or axonal loss)t2 undetected by clinical symptomatology or by focal neuroimaging changes. Patients with severe WMSH (i.e., Binswanger type vascular dementia) may be at particular risk for subclinical ischemia. Deficient autoregulatory reserve43 and increased oxygen extraction f r a~t i o n~~-~~ have been demonstrated in this subgroup of SIVD. Thus, WMSH may be a marker for the severity of deep cerebral hypoperfusion.
Several investigators have noted an association between WMSH with VaD14 or SIVD.l6-lS In our study, WMSH volume was twofold greater in the D+L versus CN+L groups, but not significantly different in the prAD versus NC groups. In all five groups studied, WMSH volume correlated with percent cortical gray matter, but not with hippocampal volume. Among the three lacunar groups, WMSH volume correlated negatively with MMSE score. These data suggest that in SIVD, the extent of WMSH is related to the pathogenesis of dementia, as well as the magnitude of cortical gray matter atrophy. Combined with pathophysiologic data in the literature, these findings suggest that cortical gray matter atrophy may (at least partially) reflect the
